In this paper, an experimental investigation on the effect of parameters namely concentration, solar radiation intensity and exposure time on the photo oxidation of pollutants in secondary treated municipal wastewater has been presented. TiO 2 was used as the photo catalyst and the experiments were carried out in the month of February 2012 in Oman. The reactor was a glass tube constructed with the provision of adding a reflector. The results showed that photo catalytic treatment is very effective for dilute solutions and the presence of reflector enhances the photo degradation. The reduction in Chemical Oxygen Demand (COD) obtained at the experimental conditions of 0.007 m 3 /hr flow rate, 15˚ inclination angle and 1 g·L −1 TiO 2 dosage was 18%. The presence of the reflector increased the degradation to 25% at the above experimental conditions.
Introduction
In this experimental study, the photo catalyst was used in suspension form as slurry that was re-circulated through the batch reactor at the optimized conditions. The optimized conditions were obtained from previous experiments performed using immobilized catalyst. The flow rate was fixed at 0.007 m 3 /hr and the angle of inclination was fixed at 15˚. Different concentrations of the municipal waste water at 0%, 25% and 50% dilutions were attempted.
Catalyst was used in the suspended form to utilize the high surface area of the catalyst that will be available for illumination [1] . A catalyst loading of 1 gm·L , based on literature review [2] was employed for the same. The effect of dilution, addition of reflector and exposure time was studied and the performance was assessed by measurement of COD, anions and total coliforms inactivation.
TiO 2 was the photo catalyst used as it is less expensive, available commercially, non-toxic and photo-chemicallystable. Researchers [3] [4] [5] have demonstrated TiO 2 to be an effective catalyst that is quite non-selective as the reaction is based on the free radical mechanism.
The reflector that was used for the experiment was a Compound Parabolic trough reflector as shown in Figure  1 , made of electro polished Aluminum sheet. It was designed in such a way that the co-focal point was made as the co-focal line of the reactor pipe, where there will be the maximum of concentrated solar energy delivered and transferred to the energy absorber tube making it more efficient. Researchers [6] [7] [8] have summarized the advantages which is mainly the utilization of the diffused radiation in addition to concentration of solar radiation. They have shown to be exhibiting high optical and quantum efficiency [9] . It is observed that [6] [7] [8] [9] using this type of collector, the output energy of a solar energy capture tube can be increased by a factor of 4 -6 times using a stationary solar collector. Researcher [10] reviewed the application of compound parabolic collector for its application in waste water treatment as it is quite advantageous.
Materials and Method
Mean composition of the municipal wastewater, collected from Al Khoudh municipal wastewater plant has been given in Table 1 . The samples were transferred and stored immediately under refrigerated condition in the lab.
Photocatlytic Reactor
The schematic of the reactor used for the experiments has been shown in Figure 2 . The glass tube used as reactor was of length approximately 50 cm and was having inner diameter of 8 mm and outer diameter 10 mm. The total volume handled was 5 litres. A peristaltic pump was used for re-circulation.
Reagents
TiO 2 (Merck) which has 70% Anastase was used in suspension mode. The Chemical Oxygen Demand was determined by the Dichromate Reflux method, using Potassium dichromate, Sulphuric acid/Silver Sulphate solution, Mercuric Sulphate, Ferrous Ammonium sulphate and Ferrion indicator, all being reagent grade.
Photocatalytic Experiments
The experiments were carried out under solar radiation in the Sultan Qaboos University campus. The radiation was measured by a radiometer (model Sunaay). The average solar radiation intensity varied from 46 mW/cm 2 to 75 mW/cm 2 from 08:30 AM to 02:30 PM in the month of July-August and from 8 mW/cm 2 to 68 mW/cm 2 from 08:30 AM to 02:30 PM in the month of January-February in Oman for the year 2011-2012. A 5-litre sample of wastewater was used for the experiments.
The first set of experiments was performed without any dilution of the waste water. 1 g·L −1 of TiO 2 was dissolved in the waste water. After allowing it to settle down, the effluent was transferred for the experimental use. The effluent was re-circulated through the reactor system for a period of 5 hours starting from 09:30 AM. The sample was taken after every 1 hour for parameter analysis. The second and third sets of experiments were performed with 25% dilution and 50% dilution respectively.
The aqueous solution was re-circulated for 1 hour un- 
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Total Coliforms MPN Max der dark conditions for equilibration to be achieved. Samples were withdrawn after every 15 minutes and analyzed for COD and other parameters. The system was then exposed to solar radiation for a period of 5 hours. The samples were withdrawn at the start of the irradiation experiments at a fixed time interval of 1 hour.
Evaluation of Solar UV Radiation
A mathematical model that has been applied by many researchers [3, 11] was used to find the effect of solar radiation on the photo catalytic treatment of the effluent. The solar radiation intensity depends on the weather condition, month of the year and time of the day. The model uses relationship between experimental time (t n , hr), plant volume (V t , l), collector surface area (A r , m 2 ) and the radiant power (UV G,n , mW/cm 2 ) measured by the radiometer. Table 2 shows the average accumulated radiation energy from 08:30 AM to 02:30 PM in the month of January-February 2012. Figure 3 shows the variation in UV intensity during the day.
Result and Discussion
The results from the experiment have been shown in Figures 4-7 . The variations in COD have been shown as a function of exposure time and accumulated energy at different dilutions. For 0% dilution the degradation in COD was found to be 14% at the end of 5 hr exposure to solar radiation. This increased to 16% and 18% for 25% and 50% dilutions respectively. However, in the presence of a reflector, the reduction in COD was 25% for 50% dilution of municipal wastewater.
The redox environment created due to the presence of TiO 2 in catalyst is very effective for the degradation of organics and removal of pollutants. At high concentrations of the catalyst, reduction in efficiency will be there due to screening effect and solution opacity. Hence the effectiveness was more observed for 50% dilution of the waste water. The increase in exposure time leads to an overall increase in accumulation energy and hence the increase in degradation with increase in exposure time can be observed.
The effect of photo catalysis on the concentration of anions and total Coliforms also followed the same trend. The anions reduction is due to the reduction that takes place on account of the electrons generated during the photo catalysis reaction.
The variation in turbidity of the effluent after the photocatalytic treatment has been depicted in Figure 6 . The slight increase in turbidity is attributed to the nano sized TiO 2 particles that could not be removed by centrifuging.
The increase in Chloride ions has been shown in Figure 7 . The degradation of the pollutants is due to photocatalysisleaded to increase in the anions. At 50% dilution, the photocatalytic efficiency was much more, observed as 14% increase in Chloride.
The surface area of the catalyst powder was measured with Acorn area surface area analyzer (XiGonano tools), and the average area was 27 m 2 /g. Based on the experimental investigations carried out, it can be deduced that the application of photocatalysis method for the secondary treated water may be a viable option, given that the world is beginning to experience an acute fresh water shortage. There are further advantages of application of photocatalysis in the tertiary treatment stage, that includes utilisation of solar energy, avoiding formation of hazardous by products.
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